###### Strengths and limitations of this study

This study uses a multifactorial approach to investigate risk factors for traumatic lower extremity injuries.The sample size may not be sufficient for analysing all injury types separately.

Introduction {#s1}
============

More than 420 000 Finnish children and adolescents participate in organised sports outside of school hours, and team sports, such as ice hockey and floorball, are the most popular among this youth population.[@R1] Unfortunately, these popular sports also include a risk of traumatic and overuse injuries. In particular, the incidence of traumatic ankle and knee joint injuries is high,[@R2] most likely because players perform frequent rapid cutting manoeuvres. In addition, other traumatic injuries such as muscle strains and contusions, as well as overuse-related musculoskeletal problems in the lower extremities (LE), are common in these sports.[@R2]

An injury that appears to be a serious problem in many team sports is the ACL rupture.[@R3] [@R6] [@R9] These affect female players more often than male players and it has been estimated that female players have approximately 4--6 times higher risk for tearing the ACL than their male counterparts.[@R9] An ACL injury causes a long-term absence from sports and markedly increases the risk for post-traumatic degenerative joint disease.[@R10]

Despite the above, risk factor studies in youth sports are scarce. Moreover, most of the knowledge on the risk factors for traumatic LE injuries has come from studies that have focused on one or a few risk factors only, although it is believed that sports injuries result from a complex interaction of many factors and events.[@R13]

Earlier studies have revealed that LE injuries are prone to recur and that previous injury is the leading risk factor for both reinjuries and new injuries.[@R17] Other risk factors that have been discussed in the sports injury literature include joint laxity,[@R20] anterior pelvic tilt,[@R23] LE malalignment,[@R23] poor muscular strength and muscular imbalances,[@R25] [@R26] poor balance[@R27] and deficits in neuromuscular control and movement patterns.[@R25] [@R28]

However, very little is known about the wide variety of risk factors suggested and their potential interactions with LE injury in youth team sports. Therefore, we decided to investigate a series of different potential risk factors, and included several anatomical, neuromuscular, biomechanical, genetic and demographic screening measurements into this study to assess their role as potential predictors for traumatic LE injuries. If the screening tests could be used to detect young players with a higher risk of injury, this would represent an important advance in the development of more effective sports injury prevention.

Methods {#s2}
=======

Objectives {#s2a}
----------

The overall aim of this research project is to investigate anatomical, biomechanical, neuromuscular, genetic and demographic risk factors for traumatic non-contact LE injuries in young team sport athletes. The main research question is: Which factors are the main predictors for a future traumatic non-contact LE injury? In addition, the research project aims to develop clinically oriented screening tools that have good sensitivity and specificity for predicting future LE injury risk.

Study design and definitions {#s2b}
----------------------------

This is a 4.5-year prospective cohort study with two different data collection periods. During the first 3-year study period (2 May 2011 to 30 April 2014), all new time-loss injuries, including overuse and traumatic injuries, were registered weekly, whereas over the second 1.5-year study period (1 May 2014 through 31 December 2015), two cross-sectional surveys are being conducted regarding the occurrence of new ACL injuries during the latter data collection period.

The validity and reliability of the study measurements and questionnaires were assessed in the pilot study in 2010 at the UKK Institute, Tampere, Finland. The definitions follow Fuller *et al\'s*[@R29] guidelines for sports injury research.

Team recruitment {#s2c}
----------------

We invited 27 teams (with about 650 players) from Finland to participate in the study: 10 basketball, 10 floorball, 3 ice-hockey, 2 handball and 2 volleyball teams. Basketball and floorball teams were recruited from six sports clubs from the Tampere City district, Finland. Ice-hockey, handball and volleyball teams were invited via the national sports associations of these sports. Twenty-one of the teams invited were youth male and female teams (aged 13--21 years) from the two highest youth league levels, and six were adult elite female teams. The reason for inviting the adult female teams was the high percentage of young players in them.

Managers of each sports club/sports association were contacted in January/February 2011 and they all agreed to support team recruitment. Thereafter, we invited the coaches of the 27 teams to an information meeting where we encouraged the teams to participate in one or more baseline examination (May 2011, April/May 2012 and/or April/May 2013) and the ensuing data collection periods (through December 2015). Coaches from nine basketball teams, nine floorball teams, three ice-hockey teams and one volleyball team agreed to take part in the study. Final participation was based on informed written consent from each player (and parent/guardian, if the player was under 18 years of age). We included players if they were official members of the participating teams. The flow of players (n=508) can be seen in [figure 1](#BMJSEM2015000076F1){ref-type="fig"}.

![Flow of teams and players.](bmjsem2015000076f01){#BMJSEM2015000076F1}

First data collection period (May 2011---April 2014) {#s2d}
----------------------------------------------------

In the first 3 years of the study, the baseline examinations, including questionnaires and physical tests, were performed annually in April--May at the UKK Institute, Tampere, Finland (2 teams performed their baseline examination in September). After each baseline examination (2011, 2012 and 2013) a 12-month follow-up was conducted during which all time-loss sports injuries as well as exposure data were recorded.

Each team could choose which of the three baseline examinations they wished to complete.

However, we encouraged teams and players to participate in all three test sessions (2011, 2012 and 2013), since various factors may change over time in this young cohort. Participants who did not appear for their next baseline examination received a web-based questionnaire to check the completeness and coverage of injury and exposure data collection during the foregoing follow-up period, as well as their willingness to take part in the next follow-up year. In total, 508 players entered the study, of whom 190 players joined the study in the first year, 115 players in the second and 203 players in the third study year ([figure 1](#BMJSEM2015000076F1){ref-type="fig"}).

### Baseline questionnaires {#s2d1}

At each baseline examination (2011, 2012, 2013), each player completed a detailed questionnaire covering questions about demographic information, such as age, gender, dominant leg, nutrition, alcohol and tobacco use, menstrual history, chronic illnesses, medication, oral contraceptive use, family history of musculoskeletal disorders, previous ACL injuries, playing years, player position, playing level and time-loss injuries, as well as training and playing history during the previous 12 months (see online [supplementary appendix](http://bmjopensem.bmj.com/lookup/suppl/doi:10.1136/bmjsem-2015-000076/-/DC1) 1). The questionnaire was based on previous sports injury studies from our group.[@R3] [@R30]

In addition, players completed questionnaires on their knee function (see online [supplementary appendix](http://bmjopensem.bmj.com/lookup/suppl/doi:10.1136/bmjsem-2015-000076/-/DC1) 2) and history of low back pain (LBP) (see online [supplementary appendix](http://bmjopensem.bmj.com/lookup/suppl/doi:10.1136/bmjsem-2015-000076/-/DC1) 3). Questions about knee function were based on the Knee and Osteoarthritis Outcome Score (KOOS) form,[@R33] which has been shown to be a valid method to assess knee problems after surgical treatment. The LBP questionnaire was based on the standardised Nordic questionnaire of musculoskeletal symptoms[@R34] and on its modified version for athletes.[@R35] The standardised Nordic questionnaire for musculoskeletal health has been shown to be a valid and reliable method for data collection in adult populations.[@R34]

### DNA sample {#s2d2}

In total 5 mL of venous blood was extracted by an authorised health professional when players performed their first baseline examination. We will investigate the relationship between injuries and genetic variants of genes encoding for structural components of tendons and ligaments (eg, the α1 chain of type I collagen (COL1A1) gene and the α1 chain of type V collagen (COL5A1) gene).[@R36] [@R37]

### Physical tests {#s2d3}

A comprehensive test battery was used to investigate potential anatomical, biomechanical and neuromuscular risk factors for injuries (see online supplementary appendices 4--18).[@R31] [@R38] The screening test sessions included warm-up trials and physical tests, which were performed at seven test stations ([table 1](#BMJSEM2015000076TB1){ref-type="table"}). Each player spent about 6 h in total to complete all tests. Players wore shorts, a sports bra (females) and indoor basketball or floorball shoes. Some of the tests were performed without shoes (eg, balance tests, foot pronation test and anthropometrics).

###### 

Physical tests

  Test station                                             Procedures
  -------------------------------------------------------- --------------------------------------------------------------------
  Station I                                                Anthropometric measurements
  ▸ Body weight (kg)                                       
  ▸ Height (cm)                                            
  ▸ Body dimensions according to Yeadon\'s Method[@R41]    
  Station II                                               Three-dimensional motion analyses
  ▸ Test preparations: placing the markers                 
  ▸ 5 min warm-up by cycling                               
  ▸ Hip stability[@R42]                                    
  ▸ Running trials[@R43]                                   
  ▸ Cutting technique 90° (new test)                       
  ▸ Cutting technique 180° (new test)                      
  ▸ Vertical drop jump[@R28] [@R44]                        
  Station III                                              Quadriceps and hamstring strength test
  ▸ 5 min warm-up by cycling and isokinetic warm-up sets   
  ▸ Quadriceps and hamstring strength[@R45]                
  Station IV                                               Joint laxity, muscle extensibility, balance and hip strength tests
  ▸ Knee joint laxity[@R46]                                
  ▸ Hip abductor strength[@R47] [@R48]                     
  ▸ Hamstring extensibility[@R49]                          
  ▸ Genu recurvatum[@R50]                                  
  ▸ Iliopsoas and quadriceps extensibility[@R51] [@R52]    
  ▸ Hip anteversion[@R53]                                  
  ▸ Generalised joint laxity[@R54] [@R55]                  
  ▸ Star excursion balance test[@R27] [@R56]               
  Station V                                                Knee and pelvic control and foot pronation tests
  ▸ Warm-up exercises and test preparations                
  ▸ Single leg squat[@R38]                                 
  ▸ Single leg vertical drop jump[@R38]                    
  ▸ Vertical drop jump[@R28] [@R38]                        
  ▸ Foot pronation[@R31] [@R57]                            
  Station VI                                               Balance platform tests
  ▸ 5 min warm-up by cycling                               
  ▸ Single leg balance[@R17]                               
  ▸ Double leg balance (good balance programme B)          
  ▸ Single leg drop jump (new test)                        
  Station VII                                              One repetition maximum leg press
  ▸ Warm-up sets                                           
  ▸ Leg press test[@R31]                                   

### Injury and exposure registration {#s2d4}

During the first data collection period (May 2011--April 2014), all injuries were registered with a structured questionnaire, including the time of occurrence, place, cause, type, location and severity of the injury (see online [supplementary appendix](http://bmjopensem.bmj.com/lookup/suppl/doi:10.1136/bmjsem-2015-000076/-/DC1) 19). The questions used in the injury form were based on validated questions of the previous floorball study.[@R3] [@R30] Five study physicians were responsible for collecting the injury data. The physicians contacted the teams once a week to check possible new injuries. After each reported injury, a study physician interviewed the injured player using the aforementioned structured questionnaire. An injury was recorded if the player was unable to fully participate in a game or practice session during the next 24 h. Severity of injury was defined as the number of days missed from training and playing. The player was defined as injured until she/he was able to train and play normally again.

During follow-up, each coach recorded player participation in practices and games on a team diary and also noted all injured players. Player attendance in a training session (yes/no), duration of a training session (h), contents of the training session (sports specific training/condition training) and attendance in each period of a game (yes/no), were recorded individually for each player. At the end of each follow-up month, the coach returned the team diary to the research group.

At the end of the first data collection period (May 2014), all participants received a web-based questionnaire to check the completeness and coverage of injury and exposure data collection during the previous follow-up year.

Second data collection period (May 2014--December 2015) {#s2e}
-------------------------------------------------------

In the final 1.5 study years the participating players were followed twice (May 2015 and December 2015) with an automatic text message questionnaire (short message service, SMS) regarding the occurrence of ACL injuries of the knee during follow-up: *Have you had an ACL injury of the knee (no/yes)?* After each new ACL injury, the study physician or physiotherapist contacted the injured player and interviewed her/him using a structured questionnaire (see online [supplementary appendix](http://bmjopensem.bmj.com/lookup/suppl/doi:10.1136/bmjsem-2015-000076/-/DC1) 19). The injured players were asked for separate permission to allow the researchers to check the ACL injury information from their medical records. All players who had entered the study and participated in the blood test or at least in one physical test session (2011, 2012 or 2013) were included in this latter 1.5-year follow-up (n=495).

Outcomes {#s2f}
--------

The primary outcome is a traumatic LE injury (eg, ligament injury of the knee or ankle, hamstring strain) that occurs in non-contact circumstances. The secondary outcome is other sports-related injury. Injury risk is examined on the basis of anatomic, biomechanical, neuromuscular, genetic and other baseline factors (eg, age, gender, sport, previous injuries). We will also investigate the risk factors for non-contact ACL injuries, if the sample size is sufficient for the analyses.

Sample size {#s2g}
-----------

On the basis of the Bahr and Holme,[@R58] the sample size needs to be 20--50 injuries to detect moderate to strong associations between risk factors and injury risk. Strong associations are defined as a relative risk higher than two. Estimates based on previous studies suggest that 0.2--0.6 non-contact LE injuries[@R3] [@R7] [@R8] [@R30] and 0.02 ACL injuries[@R3] [@R4] occur per player per year. Accordingly, we estimated that during the first 3 years of study at least 90 non-contact LE injuries will appear among participants, if we recruited 150 participants for each year (altogether 450 person-years). Correspondingly, the estimated number of ACL injuries during the total 4.5-year follow-up will be 30 injuries, where we have been able to recruit 150 new participants in each study year (2011, 2012 and 2013) and if we have managed to follow them until the end of the study (total 1575 person-years).

Statistical analyses {#s2h}
--------------------

Descriptive statistics of baseline characteristics of the participants will be reported by using mean, SD and 95% CIs. The injury incidence will be expressed as the number of injuries per 1000 h of training and playing (injuries registered during the first data collection period May 2011--April 2014) and as the number of injuries per person-years (ACL injuries during the total 4.5-year follow-up). Univariate and multivariate regression models will be applied to investigate the association between the investigated parameters and injuries in order to identify the risk factors. In the data analysis by multilevel modelling we will take the clusters into account. Adjusted and unadjusted results will be presented. A p value \<0.05 is considered significant.

Discussion {#s3}
==========

Several intrinsic risk factors have been suggested to be associated with increased LE injury risk, but, at the time being, there is limited knowledge on these. As this study combines measures of anatomical, biomechanical, neuromuscular, genetic and demographic factors, we will be able to study multiple factors that can predispose the player to a traumatic LE injury. Also, we can assess the relative importance of the different factors and their interactions. We will also perform risk factor analyses for specific injury subgroups, such as ACL injury, as well as other potential injury types where the number is sufficient.

Basketball, floorball, ice hockey and volleyball were chosen in this study, because they are the most popular team sports among youth in Finland. They also share somewhat similar injury patterns as well as comparable playing seasons. One playing season lasts approximately 7 months, from September/October to March/April, thus all the participating teams performed the baseline examinations during the preseason. Twenty teams performed the baseline tests in April/May, and the remaining two teams conducted them in September, due to their team schedule.

This study will provide valuable information, assessing the validity of screening methods for youth sport. Most of the screening tests used in this study are simple and easy to manage, meaning that implementation at the grass roots level will be possible. In addition, successful results from this project would provide a major contribution to tailor preventive methods, the effectiveness of which could be tested in prevention studies.[@R59] Better knowledge on risk factors will be used to optimise the current training programmes and target these to populations at risk. The findings will also be beneficial and adaptable to other pivoting sports with high sports injury risk.
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